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SUMMARY 
 
Agri-environment schemes pay farmers for the provision of environmental services. Such 
schemes tend to have multiple measures that deliver multiple environmental objectives, and 
there is a lack of consistent methodology with which to measure the environmental benefits 
of such schemes. Funded by EU FP6, the Agri-Environment Footprint project 
(www.footprint.rdg.ac.uk) aimed to address this challenge, and this report provides results 
from selected components of the project.  
 
An EU-wide survey confirmed that many schemes simultaneously address combinations of 
policy objectives for natural resources, biodiversity and landscape (and more specialised 
categorisation within these). It also found that impact models (rationale and assumptions 
that underpin management practices to deliver environmental outcomes) were not 
sufficiently rigorous in current agri-environment schemes, supporting the need for improved 
definition of policy aims and specific objectives, as well as improved selection of the 
indicators to measure progress toward the policy aims.  
 
The conceptual development of the methodology involved the combination of various 
indicators that reflect the environmental performance of a particular farm. The approach 
employs components of multi-criteria analysis to provide a means of combining indicators 
corresponding to a variety of farm management activities and relating to a range of 
environmental objectives. The methodology incorporates the participation of stakeholders 
and technical advisors in designing a customised form of an Agri-environmental Footprint 
Index (AFI) relevant for each particular application. In the methodology, stakeholders 
validate the assessment criteria and provide a series of weighting values allowing 
combination of different components of environmental performance. 
 
With the objective of being a feasibility study, the developed methodology was applied in a 
number of EU case studies. Through a combination of data from existing documentation 
and field survey, the methodology was successfully applied in Ireland to a small number of 
REPS and non-REPS farms. The REPS farms scored higher than the comparable non-REPS 
farms. These results have to be treated with considerable caution, as the sample size of up 
to 10 farms per treatment was very limited, and was not representative of the national-scale 
implementation of REPS.  
 
This work demonstrates the feasibility of constructing an Agri-environmental Footprint 
Index for the evaluation of an agri-environment scheme with multiple environmental 
objectives. The weighting process also permits an assessment to incorporate differences in 
the relative importance of environmental objectives (that may differ among EU schemes and 
regions, and differ across farming systems). A comparison of the change in AFI score over 
time (before as well as after joining REPS) would be one of the best ways to measure the 
environmental effectiveness of the scheme. 
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INTRODUCTION 
 
All EU Member States are obliged to monitor and evaluate the environmental, agricultural 
and socio-economic impacts of their agri-environment programmes (Article 16, EC 
Regulation No. 746/96). Most of the recent evaluations of AESs have been criticised for 
insufficient consideration of the environmental impacts of the scheme. Instead, there has 
been an over-reliance on data on levels of uptake and expenditure as measures of scheme 
performance (Court of Auditors 2000).  
 
Investigations of the environmental effectiveness of agri-environment schemes (AESs) have 
yielded different conclusions.  Studies have shown that AESs are leading to the adoption of 
management practices that are expected to be beneficial to the environment (Primdahl et al., 
2003). However, many schemes have been designed and implemented with little supporting 
evidence to allow prediction of expected environmental outcomes, and there has been 
inadequate assessment of environmental impacts after implementation (Kleijn & Sutherland 
2003). Studies are available on impacts of AESs on natural resources and landscape 
(Tahvanainen et al., 2002; Rygnestad et al., 2002; Primdahl et al., 2003; Granlund et al.) 
but most vociferous debate surrounds ecological studies of the effectiveness of AES in 
relation to biodiversity (Carey, 2001, Kleijn et al., 2001, 2006; Carey et al., 2003; Potts et 
al., 2006; Wilson et al., 2007; Finn et al., 2007, 2008, 2009).  
 
The wide diversity of farming systems and agri-environmental priorities across Europe 
results in considerable variation in the scope and aims of the various schemes in EU 
Member States. Therefore, evaluation criteria need to take account of both generic agri-
environmental objectives at EU or national level, along with objectives relating to particular 
agri-environmental contexts at local or regional level. Another evaluation challenge is that 
AESs typically have multiple objectives (Finn, 2005; Finn et al. 2007, 2009). The situation is 
complicated by the fact that in many schemes, single objectives may be addressed by 
several management packages, and/or that a single objective may address several 
environmental objectives. In addition, the relative priority of the different objectives may not 
be evident (Finn et al. 2008, 2009). 
 
A criticism of EU agri-environment schemes has been that their environmental objectives 
are neither sufficiently specific nor quantitative (Court of Auditors, 2000; Primdahl et al., 
2010). Often the impact model (cause-and-effect rationale/assumptions that relate 
management practices to the environmental outcomes) underlying the relationship between 
a management package and the anticipated environmental outcomes is poorly developed. 
This inevitably confounds their environmental evaluation, as the reference levels to be 
attained are not clearly stated. The combination of these factors poses significant challenges 
for the evaluation of European AESs. In general, evaluation would aim to assess that high 
priority objectives are delivered more effectively, and should be able to judge whether 
resources are being allocated to different objectives in a way that reflects their relative 
priority. In the absence of clearly stated objectives and priorities, there is scope for 
participatory approaches to help address such information gaps. 
 
A further complexity regarding evaluation of most AESs in the EU is that participation is 
voluntary and enrolment typically occurs at the scale of an individual farm (or part of a 
farm). This is an important design feature of AESs that has strong implications for their 
evaluation. AESs only work via the decisions of participating farmers to adopt (or maintain) 
farm management practices that are appropriate to achieve the stated environmental 
objectives of the scheme. To reflect this farm-level focus of AESs, environmental 
assessments need to include farm-scale indicators and monitoring. This creates specific 
challenges for the environmental evaluation of AESs. A lot of available environmental data is 
available only at higher spatial scales (landscape, watershed, municipality). For AESs, data 
measured at such scales generally provides insufficient resolution to attribute changes in 
environmental state to changes in farm-scale operations that derive from a farmer’s 
participation in an AES. 
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Objectives 
The AE-Footprint project aimed to develop a common methodology and tools to assess the 
environmental performance of AESs funded by the Rural Development Programmes of the 
EU Member States. The methodology centres on the construction of an index that can be 
used to measure and compare environmental impact of AESs by aggregating the 
measurement of a selected range of agri-environmental indicators. The project aimed to 
develop an index that used farm-level measures of environmental performance that can be 
customised to include locally-specified AES objectives. Farm-level performance scores can 
be aggregated at a regional level to track temporal change and/or to provide comparisons of 
the impact of an agri-environment scheme on multiple environmental objectives. The AE-
Footprint project was funded as an EU FP6 Specific Targeted Research Project. Further 
information on the project and the methodology is available in Purvis et al. (2009) and at 
www.footprint.rdg.ac.uk.  
 
Overall, the methodology was designed to facilitate the following: 
 measurement of the environmental performance of individual farms; 
 measurement of environmental impact that can be aggregated across a larger sample 
of similar farms to establish a comparative baseline measure; and 
 measurement of changing environmental impact over time using repeated snap-shot 
assessments in comparison to the established baseline. 
 
Here, we provide results from selected components of the project. We report on an EU-wide 
survey of AESs that aimed to determine the extent to which schemes simultaneously 
attempt to deliver multiple environmental objectives. We also examined the rigour 
associated with the descriptions of the cause-and-effect relationships that were used to 
relate management practices to the environmental outcomes intended by the schemes. We 
present an outline of the conceptual development of the methodology for the Agri-
Environmental Footprint Index (AFI). Finally, we report on a feasibility study that applied 
the AFI to data collected from REPS and non-REPS farms.  
 
 
MATERIAL AND METHODS  
Survey of EU agri-environment schemes: environmental objectives and impact models 
A fundamental tenet of the methodology was the need for environmental assessment across 
multiple environmental objectives. To demonstrate the validity of this assumption, a 
selection of AESs implemented during part of the 2000-2006 Rural Development Programme 
period was sampled across each of the 25 EU Member States. In each country, a maximum 
of 12 schemes were selected (some Member States had fewer than 12 schemes from which 
to select), resulting in a total sample of 242 schemes. The schemes were selected based on 
two criteria: a) the three main issues natural resources, biodiversity, and landscape were 
represented and b) the most widely adopted schemes (in terms of area under agreement) 
were included.  
 
Management packages (groups of management prescriptions that form the components of 
AESs) were sorted in relation to the number and type of environmental issues that they 
addressed. Management packages were categorised as ‘quantitative’, ‘qualitative’ or 
‘common sense’ according to the sophistication of the underlying impact model. The concept 
of an impact model is based on the cause-and-effect descriptions that were used to relate 
management practices to the environmental outcomes intended by the schemes. The 
‘quantitative’ models included empirical as well as theoretical models, as long as they were 
specified at a mathematical or computational level. Impact models were described as 
‘qualitative’ models when they were theoretically qualitative models or empirically 
descriptive models; they were characterised by being evidence-based but limited in being 
conceptual or diagrammatic descriptions. ‘Common sense’ models comprised of weak 
formulations of the qualitative models that were not evidence-based or did not consider the 
relationship between intervention and outcomes. 
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The AE-FOOTPRINT methodology  
The methodology developed in the AE-FOOTPRINT project involves the construction of an 
Agri-environmental Footprint Index (AFI), allowing the combination of various indicators 
reflecting the environmental performance of a particular farm (Mauchline et al., 2007).  The 
approach employs components of multi-criteria analysis techniques to provide a means of 
combining indicators corresponding to a variety of farm management activities and relating 
to a range of environmental objectives. Multi-criteria analysis methods are ideally suited to 
the measurement of multi-faceted situations, especially where the relative importance of 
each component is not precisely defined (Park et al., 2004). 
 
The methodology incorporates the participation of stakeholders and technical advisors in 
designing a customised form of the AFI relevant for each particular application. In the 
methodology, stakeholders validate the assessment criteria and provide a series of weights 
allowing combination of different components of environmental performance. Such input of 
specific, technical and local knowledge ensures the evaluation is appropriate to the local 
agri-environmental context.  
 
Table 1.  Steps in the Agri-environmental Footprint Index methodology 
(see text for details). 
Steps EVALUATION TEAM STAKEHOLDER GROUP 
1 Define application  
2  Create Assessment Criteria Matrix 
3  Define Issue and Domain weights 
4  Create Indicator Matrix 
5 Collect data  
6  Define Transformation Functions 
7  Define Indicator weights 
8 Calculate Index  
9 Sensitivity Analysis  
10 Reporting  
 
The methodology for the AFI can be described as a stepwise procedure (Table 1). As with any 
evaluation, the first step involves defining the aims of the evaluation, and would typically 
comprise stating the overall goals of the policy to be evaluated, the scope of the evaluation, 
the relevant farming systems and regions, the sampling strategy and time frame etc.  
 
The second step involves identification of the specific agri-environmental issues (‘AE Issues’), 
which relate to the policy objectives. Three fundamental environmental issues have been 
used in previous evaluations of AESs in the EU, namely: 
 Natural Resources (NR): protection and enhancement of; soil quality, quality and 
quantity of ground water, air quality and other non-renewable abiotic resources; 
 Biodiversity (B): conservation of wildlife, protection and creation of important 
habitats for wildlife, maintenance of the genetic diversity of cultivated crops and 
livestock and utilisation of the functional (ecological) benefits of natural biological 
processes in production systems; and 
 Landscape (L): protection and enhancement of; landscape quality in terms of 
aesthetic appearance and multifunctional value, including cultural/regional identity, 
amenity, recreational and wider societal value. 
These three categories encompass most environmental issues addressed by current AESs in 
the EU. However, further agri-environmental issues can be included within the structure of 
the AFI where appropriate. Equally, these issues can be sub-divided if it assists with the 
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description of aspects of environmental performance covered by a particular application of 
the AFI. 
 
It is also possible to identify three distinct areas of farm management, referred to as AE 
‘Management Domains’, at which most AE measures are targeted, as follows: 
 Crop and animal husbandry (CAH): management of crop/animal husbandry systems 
and production methods i.e. routine and ongoing farming practices 
 Physical farm infrastructure (PFI): basic farm infrastructure e.g. layout and type of 
permanent field boundaries, drainage systems, nutrient storage facilities etc 
 Natural and cultural heritage (NCH): This reflects the management of areas on the 
farm not subject to agricultural production e.g. natural or semi-natural habitats, 
historical, archaeological and other heritage features. 
 
These AE Management Domains can be nested within each of the AE Issues to form a 3  3 
matrix, referred to as the Assessment Criteria Matrix (Table 2). This provides a generally 
applicable template to assist with the structuring of the measurement of environmental 
performance. The different cells of this matrix, referred to in the methodology as 
‘dimensions’, reflect the AE Issues and the different AE Management Domains that are 
relevant to addressing them. The dimensions have been filled with criteria that correspond 
to the environmental objectives and, when achieved, would result in an environmentally-
effective AES.  
 
Table 2.  An example of an Assessment Criteria Matrix. 
 Natural Resources 
 
Biodiversity 
 
Landscape 
 
CAH • Groundwater quality 
protected 
• Soil quality protected 
• Soil physical resource 
protected 
• Air quality protected  
 
• Habitats provided for 
wildlife associated with 
arable land 
• Rare breeds conserved 
• Maintenance of extensive 
grassland systems 
 
• Landscape character 
protected 
• Maintenance of livestock 
systems 
 
PFI • Groundwater quality 
protected 
 
• Field boundary habitats 
protected 
• Effects of large field size 
mitigated 
 
• Hedgerows protected 
• Traditional buildings 
conserved 
• Landscape aesthetics 
protected 
 
NCH • Water courses protected 
 
• Woodland habitats 
protected 
 
• Opportunities for public 
enjoyment of the 
countryside provided 
• Historic and archaeological 
features protected 
 
 
Importantly, agri-environmental objectives (as opposed to measures) are usually not of equal 
priority. A further consideration is the relative contribution of multiple measures to a single 
objective. Agri-environmental measures (especially within multi-objective schemes) are often 
not of equal importance in achieving the scheme objectives, therefore a meaningful 
evaluation needs to consider the relative importance of these measures. Therefore the third 
step in the AFI methodology is a weighting process that allows the consideration of the 
relative importance of each element of the evaluation to the overall objectives.  
 
There is a crucial difference between measured performance and the value of that 
performance in a specific context, that is to say, improvement in performance may be real, 
but not necessarily useful or much valued. This explains the need for the weighting process 
over and above the need for measurement of farm-level performance indicators. The AE 
Issues and the AE Management Domains are weighted separately to reflect their relative 
importance in the overall evaluation. Stakeholders are consulted to provide first weights 
reflecting the relative importance of the different AE Issues, and then weights reflecting the 
relative importance of actions within each AE Management Domain in addressing each 
issue. The AE Issue weights reflect the demand for environmental services, whereas the AE 
Management Domain weights reflect the potential for supply or provision of these services. 
When the relative priority of objectives is not clearly stated in the AES policy, stakeholder 
consultation can be conducted to determine such priorities via weighting of different 
options. 
 
The Assessment Criteria Matrix is used to inform the identification by stakeholders of 
measurable farm-level indicators, resulting in an Indicator Matrix (Table 3). Ideally, the 
indicators selected should have a clear link to the impact models defining the relationship 
between management practices and environmental outcomes. Identification of such 
indicators at the scheme design phase gives the potential to incorporate data collection into 
the administration of the AES. In the absence of systematic collection of such data, the 
choice of indicators will be strongly influenced by the resources available for a particular 
evaluation. If insufficient data are available through existing databases, customised farm 
surveys will need to be conducted. The final list of indicators should comprise a maximum 
of 20-25 indicators and should have a maximum of 5 indicators per AFI Dimension. If more 
indicators are required, or if there is a criterion that requires a complex suite of indicator 
data, multi-metric indicators should be developed (see Box 1).  
 
Table 3.  Agri-environmental indicators selected for each of the dimensions of the Assessment 
Criteria Matrix in Table 2, along with hypothetical weights assigned by a stakeholder group. 
 Natural Resources 
 
Biodiversity 
 
Landscape 
 
CAH • Pesticide inputs (0.5) 
• Level of soil compaction 
(0.1) 
• Nitrate loss (kg/yr) (0.2) 
• Level of greenhouse gas 
emissions (0.2) 
• Ratio of spring:winter crops 
(0.33) 
• Proportion of livestock from 
rare breeds (0.33) 
• Proportion of farmland as 
extensive grassland (0.33) 
• Diversity of cropping types 
(0.4) 
• Evidence of mixed farming 
(0.6) 
 
PFI • Proportion of manure 
storage facilities sealed 
correctly (1) 
• Proportion of hedgerow 
protected with buffer 
strips/grass margins (0.7) 
• Length of beetle banks 
(0.3) 
 
• Proportion of hedgerow 
length removed (0.4) 
• Proportion of traditional 
buildings under appropriate 
management (0.5) 
• Level of farm tidiness (0.1) 
NCH • Proportion of river length 
protected with buffer strips 
(1) 
• Proportion of woodland 
under appropriate 
management (1) 
 
• Public rights of way (m/ha) 
(0.5) 
• Proportion of historic & 
archaeological features 
under appropriate 
management (0.5) 
 
Box 1.  Example of combination of two measured indicators to form one multi-metric indicator.  
The indicator relates to the proportion of hedgerows appropriately managed for wildlife, in 
particular farmland birds.  In this example, it is calculated as the average combined score 
derived from two categorical management practice measurements. 
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AFI 
Score
1. Timing of hedge cutting
10January – February
5September - December
0March – August
7Every 2-3 years
6Mixture of annual and 2-3 years
AFI 
Score
2. Frequency of hedge cutting
2Annual
10Mixture of 2-3 years and some 
unmanaged
5Left unmanaged
 
 
Having collected values for each indicator from every farm in the evaluation, these values 
need to be converted to a standard scale of 0 to 10 where higher scores correspond to better 
environmental conditions. The indicator values will be on a variety of scales according to the 
measurements taken e.g. kilograms of nitrogen or metres of hedgerow. This conversion from 
indicator value to indicator score needs to take account of several factors (see Box 2). The 
relationship between indicator value and score will be strongly dependent on the evaluation 
undertaken, the farming type and agri-environmental context. There is a definite need at 
this stage to consult technical experts, scientific literature, scheme documentation etc. to 
ensure that an appropriate scoring system for each indicator is developed.  
 
Stakeholders provide weights for each indicator within each dimension of the Indicator 
Matrix to reflect its relative importance in the evaluation (see Table 3 for weighted 
indicators). Thus, in this example application of the AFI, for the first dimension of the 
Indicator Matrix (Natural resources  CAH), the indicator for pesticide inputs was 
considered to be most important (weight = 0.5) in reflecting the assessment criterion of 
protecting groundwater quality (Table 3).  
 
The calculation of the index value is a hierarchical weighted average based on the indicator 
scores, the indicator weights and the weights of the AE Management Domains within each 
AE Issue. All else being equal, dimensions with higher weighting values for AE Management 
Domains and AE Issues will have higher AFI values, and so on. 
 
Box 2.  Converting indicator values to scores.  
Measured indicator values are converted into AFI scores on a standardised scale of 0-10, 
where the standardised score coreesponds to environmental quality.  Some potential 
relationships between indicator values and indicator scores include: 
Linear relationships: 
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Non-linear relationships: 
 
Categorical scaling: 
 
Binary scaling: 
 
 
8 10976543210Score
YXValue
3 01571085310Score
YXValue
8
C
10976543210Score
DBAValue
8 10976543210Score
YesNoValue
 
Farm-level environmental indicators can be collected and integrated (e.g. into an 
environmental index) across multiple farms, and thereby permit analyses that compare 
differences in the values of the AFI over time, and between farms that participate in an AES 
and farms (from similar farming systems) that do not. Repeated surveying over a time series 
that includes a baseline (before or at the introduction of an AES) is essential to reveal the 
direction of trends in environmental quality that may be attributed to an AE scheme (Bro et 
al., 2004). Such an approach would be essential to distinguish between a scheme that has 
successfully targeted farms of high environmental quality, and one that contributes toward 
maintaining (or increasing) the environmental quality of participant farms (e.g. Carey et al., 
2002).  
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Application of the AE-FOOTPRINT methodology in Ireland 
With the objective of being a feasibility study, the developed methodology was applied in a 
number of EU case study regions. Through a combination of data from existing 
documentation and field survey, the methodology was successfully applied to a small 
number of REPS and non-REPS farms. Specifically, we aimed to assess the feasibility of 
using the AFI methodology attempted to assess the environmental performance of farms in 
two contrasting farming contexts. These were relatively extensive drystock (beef/sheep) 
farming in Counties Sligo-Leitrim (hereafter referred to as ‘Sligo’) and comparatively 
intensive dairy farming in Counties Cork-Tipperary (hereafter referred to as ‘Cork’). Both 
farming contexts are subject to the same, very broad and multi-objective Irish Rural 
Environment Protection Scheme (REPS). Within each of these farming contexts, AFI scores 
were calculated for a small sample size of REPS and non-REPS farms. 
 
Stakeholder consultation and indicator selection 
The chosen stakeholders were divided into 3 groups. The first group consisted of the Core 
Stakeholders and its members provided a wide range of expertise and/or interest in the 
environmental impact of agri-environment schemes. Some stakeholders selected for this 
group provided a perspective on Irish agri-environmental policy making and 
implementation. In addition to the Core group, Local groups were formed for the specific 
case study areas. Both the Cork and Sligo Local groups included farmers, local farm 
advisors and individuals with expertise on each area’s farming systems and conditions. For 
technical assistance, small groups or individuals from the existing stakeholder groups were 
consulted on an ad hoc basis, to provide feedback on specific indicators that matched their 
expertise.  
 
Collection of farm-level agri-environmental data 
In Sligo-Leitrim, twenty drystock (beef/sheep) farms were sampled. Ten of these had a REPS 
agreement, and the other ten were not in REPS. Nine out of the ten REPS participants 
entered the scheme in 1995; one entered in 1998. Half of the non-REPS farms were new 
REPS applicants that had not yet been approved at the time of data collection; the other half 
had applied for a grant to build slatted houses under the Farm Waste Management Plan. All 
data were therefore collected through a combination of:  
- consulting existing farm plans to obtain details such as average field size, habitat 
area, etc.;  
- face-to-face farmer interviews for details about fertiliser input, net liveweight of 
stock sold, etc.;  
- farm visits for field surveys of specific indicators e.g. field boundary types, farm 
tidiness characteristics, etc. 
 
In Cork, sixteen dairy farms were sampled; eight had a REPS agreement, and the other eight 
did not. The REPS farms were located in a relatively marginal dairy farming area around 
Macroom (Co. Cork). Four of the eight REPS participants entered the scheme in 2006. Three 
of the other farms entered prior to 1999. In this phase, it proved difficult to find non-REPS 
dairy farms that would agree to participate. Eventually, eight non-REPS dairy farmers who 
agreed to participate were found elsewhere in Co. Cork, Tipperary South and Tipperary 
North. These farms were located in a different part of the main Cork-Tipperary dairying area 
and this inevitably compromises to some extent the direct comparison of the REPS and non-
REPS sample in Cork. Note, however that the objective of these case studies was primarily 
to test the practical feasibility of the AFI method, using relatively small sample sizes. Thus, 
these results are not suitable for a detailed assessment of the environmental performance of 
REPS, nor were they intended to be used for this purpose.  
 
 
RESULTS AND DISCUSSION  
Survey of EU agri-environment schemes: environmental objectives and impact models 
About 70% of schemes were designed as a single, obligatory package of measures, and just 
less than 30% consisted of menu-driven options. About two-thirds of the sampled schemes 
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addressed a broad (holistic) range of environmental objectives, whereas one-third had a 
more restricted environmental focus, sometimes just addressing a single environmental 
objective (Purvis et al., 2009). 
More than half of the management packages were based on ‘common sense’ impact models. 
Just over one third of the management packages were based on qualitative models, and 
little less than one sixth were based on elaborated quantitative models (Primdahl et al., 
2010).  
The main conclusions from this section of work were that: 
 many schemes simultaneously addressed combinations of policy objectives for 
natural resources, biodiversity and landscape (and more specialised categorisation 
within these). Thus, there is a need for methodology that can incorporate 
environmental assessment across multiple environmental objectives  
 impact models were not sufficiently rigorous in current AESs, supporting the need 
for (a) improved definition of the assessment criteria (policy aims), and (b) improved 
selection of the indicators to measure progress toward the policy aims 
 the design of schemes should be improved so that impact models are better 
developed (evidence-based), clearly explained in scheme documentation, and provide 
justification of selected indicators. 
 
Application of the AE-FOOTPRINT methodology in Ireland 
The Assessment Criteria Matrix was developed in consultation with the stakeholders. The 
two case study areas shared the majority of the assessment criteria (Table 4). The finalised 
Assessment Criteria Matrix served as a guide with which to develop a draft indicator matrix. 
However, some dimensions (a cell in the 33 matrix) of the Assessment Criteria Matrix 
contained up to 14 criteria and it was necessary to reduce these to the desired maximum of 
five to six indicators per dimension. In some cases, stakeholders had already deemed 
criteria to be of minor importance in the first meetings. However, for those dimensions 
where a large number of criteria were considered important (particularly those relating to 
NR x CAH and NR x PFI), indicator functions were introduced. An indicator function 
integrates the measurement of two or more farm statistics to create a single multi-metric 
indicator that better ‘captures’ the complexity of many criteria that contribute to the 
assessment of environmental impact. Thus, an indicator function allows the multiple facets 
of many agri-environmental concerns and farming strategies to be included in a single 
evaluation statistic, permitting ‘real world’ interactions or relationships to be included in the 
evaluation. The use of indicator functions has the added advantage that, of necessity, when 
they are being built, they automatically incorporate the concept of transformation functions 
for single statistic indicators (transforming indicator values into scores, e.g. Box 2). A 
disadvantage of indicator functions is their requirement for considerable technical 
knowledge at the development stage; however, the effort is rewarded by the creation of an 
assessment rating that better incorporates environmental interactions. If well-designed, 
indicator functions can provide a more accurate and realistic evaluation of environmental 
risks and benefits. 
 
 
 1 Water/soil x Inorganic fertiliser use 1 Species/habitats x Inorganic fertiliser use 1 Farm tidiness x Husbandry practice
2 Water/soil x Manure use (slurry/FYM) 2 Species/habitats x Manure use (slurry/FYM) 2 Habitat/Cultural features x Husbandry practice
3 Water/soil x Disposal of silage effluent 3 Species/habitats x Disposal of silage effluent 3 Habitat/Cultural features x Traditional husbandry methods
4 Water/soil x Livestock stocking practice 4 Species/habitats x Livestock stocking pract. 4 Cultural features x Buffer/margin creation
5 Water/soil x Pesticide use 5 Species/habitats x Pesticide use 5 Bad smells x Manure use
CORK only
6 Water/soil x Dirty water 6 Species/habitats x Dirty water
7 Water/soil x Green cover 7 Species/habitats x Grass conservation (hay/silage)
8 Water/soil x Pollution by heavy metals 8 Species/habitats x Tillage crop mngt.
9 Air x Ammonia generation 9 Species/habitats x Green cover
10 Water/soil x Water use 10 Species/habitats x Water use
11 Air x Greenhouse gas emmission 11 Species/habitats x Field margin conservation 
12 Soil compaction x Machinery use 12 Genetic diversity x Rare breeds/varieties
13 Soil compaction x Slurry amount
14 Soil compaction x Livestock
1 Water/soil x Animal manures storage 1 Species/habitats x Animal manures storage 1 Farm tidiness x Infrastructure management
2 Water/soil x Silage (effluent) storage 2 Species/habitats x Silage (effluent) storage 2 Aesthetics/m.value x Field boundary mngt.
3 Water/soil x Livestock (housing) 3 Species/habitats x Livestock (housing)
4 Water/soil x Storage of dirty water 4 Species/habitats x Storage of dirty water
5 Air x Generation of ammonia 5 Species/habitats x Generation of ammonia 
6 Water/soil x Water use 6 Species/habitats x Water use
7 Species/habitats x Field boundary mngt.
8 Species x Farmyard management
1 Water x Watercourse management 1 Habitat prot./maintenance x Heritage mngt. 1 Habitat/Cultural features x Heritage mngt.
2 Water x Riparian (river) buffer zone management 2 Habitat x Reclamation/Exploitation (Bogs, forestry, etc.) 2 Habitat/Cultural features x Reclamation/Exploitation (Bogs, forestry,…)
3 Species/habitats x Abandonment 3 Landscape x Abandonment
4 Habitat creation x Heritage mngt. 4 Farm tidiness x Heritage management
5 Species/habitats x Setaside
REPS Additional to REPS, Evaluators Additional to REPS, Stakeholders
Not relevant to context SLIGO only
Landscape (multifunctional value, aesthetics)
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Natural Resources                           
(water, soil, air quality) Biodiversity (species, habitats)
Table 4.  Assessment Criteria Matrix for the Sligo and Cork case study areas. 
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Table 5.  Weighting values for the Issues and Management Domains in the 
Sligo case study area. 
 Natural Resources 
We = 0.35 
Biodiversity 
We = 0.35 
Landscape 
We = 0.30 
CAH Wf = 0.43 Wf = 0.42 Wf = 0.33 
PFI Wf = 0.36 Wf = 0.29 Wf = 0.33 
NCH Wf = 0.22 Wf = 0.29 Wf = 0.33 
 
 
 
 
Table 6.  Weighting values for the Issues and Management Domains in the 
Cork case study area. 
 Natural Resources 
We = 0.54 
Biodiversity 
We = 0.20 
Landscape 
We = 0.26 
CAH Wf = 0.42 Wf = 0.34 Wf = 0.37 
PFI Wf = 0.42 Wf = 0.44 Wf = 0.40 
NCH Wf = 0.16 Wf = 0.22 Wf = 0.23 
 
The indicator matrix was the same for both Sligo and Cork, but there were differences between 
the specific measurable indicators used and/or the scoring for certain indicators or within 
indicator functions (as indicated by colour coding in Table 4). Stakeholders were asked to weight 
the indicators/multi-metric indicators with respect to each application. The finalised indicator 
weights for Sligo and Cork are given in Tables 5 and 6 respectively.  
 
For each of the main indicators in Table 4, a number of relevant farm-level measurements were 
possible, and these are outlined in Table 7 (presented for the Sligo case study only). For each of 
the main indicators in Table 7, details of the measurable farm-level information and data used 
to compile indicator functions are listed in Table 8. Further details on the indicators, indicators 
functions and relevant calculations are available on the AE-Footprint webpage 
(www.footprint.rdg.ac.uk). 
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Table 7. Indicator weights for Sligo case study area. Indicators shaded in grey are those for which data were not available, 
so the weights were distributed evenly among the other indicators in that dimension. Weighting values withinin each 
dimension sum to 1. (Indicators in grey could not be measured.) 
 
 Natural Resources 
 
Biodiversity 
 
Landscape 
 
CAH 1. Nutrient balance                         0.21 
 
2. Application of liquid organic  
nutrients (slurry, silage effluent,  
dirty water)                                    0.36 
 
3. Greenhouse gas                         0.16 
 
4. Soil structure                             0.27 
 
5. Water use 
 
1. Nutrient balance                        0.19 
 
2. Application of liquid organic  
nutrients (slurry, silage effluent,  
dirty water)                                   0.25 
 
3. Grassland management  
biodiversity                                    0.23 
 
4. Livestock diversity and rare  
breeds                                            0.09 
 
5. Extensive pasture                      0.24 
 
1. Grassland management  
aesthetics                                    0.40 
 
2. Cultural features  
management                               0.39 
 
3. Livestock diversity  
and rare breeds                          0.21 
 
 
 
 
PFI 1. Organic nutrient storage (slurry, 
dirty water, FYM/waste silage)     0.43 
 
2. Fodder storage (silage in pits, 
wrapped haylage/silage,  
hay/straw bales)                           0.27 
 
3. Volatilisation                              0.30 
 
4. Water source 
 
1. Organic nutrient storage (slurry, 
dirty water, FYM/waste silage)    0.26 
 
2. Fodder storage (silage in pits, 
wrapped haylage/silage,  
hay/straw bales)                          0.21 
 
3. Volatilisation                             0.19 
 
4. Water source 
 
5. Field boundary                          0.34 
 
 
1. Farm tidiness                          0.39 
 
2. Traditional farm buildings      0.23 
 
3. Field boundary                        0.39 
 
 
 
NCH 1. Riparian margin                        1.00 
 
 
1. Natural habitat quality             1.00 
 
 
1. Natural habitat quality           1.00 
 
2. Cultural features management   
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Table 8. Overview of measurable indicators in indicator matrix for Sligo case study area. 
 
CAH 
 
 
 
 
 
 
 
 
 
 
PFI 
 
 
 
 
 
 
 
NCH 
 Natural Resources (water, soil, air quality) Biodiversity (species, habitats) Landscape (multifunctional value, aesthetics)
1. Nutrient balance: phosphorus and nitrogen inputs(fertilisers, 
feed, slurry etc.) and outputs (milk, forage sales, manure exports 
etc.)
1. Nutrient balance: phosphorus and nitrogen inputs(fertilisers, 
feed, slurry etc.) and outputs (milk, forage sales, manure exports 
etc.)
1. Grass husbandry aesthetics: proportion of grassland for hay 
conservation, proportion of non-rotationally grazed pasture, 
proportion of unimproved grassland
2. Liquid organic nutrient application (slurry, silage effluent, 
dirty water): liquid manure spreading method, application 
season, quantity of dirty water over spreading area  
2. Liquid organic nutrient application (slurry, silage effluent, 
dirty water): liquid manure spreading method, application 
season, quantity of dirty water over spreading area  
2. Cultural features management: protection of cultural features 
from destructive activities
3. Greenhouse gas: livestock units per ha 3. Grass husbandry biodiversity: rotational vs. semi-continuous 
grazing, sward diversity and age under semi-continuous grazing, 
date of fodder harvest 
3. Livestock diversity and rare breeds: herd genetic diversity, 
non-standard breeding livestock, rare/traditional breeds
4. Soil structure: symptoms of animal poaching (deep hoof 
prints), wheel ruts and/or bare ground/weed patches
4. Livestock diversity and rare breeds:  herd genetic diversity, 
non-standard breeding livestock, rare/traditional breeds
5. Water use: metered water use per livestock unit 5. Extensive pasture: proportion of extensively unimproved 
pasture on total pasture area on the farm, unimproved grassland 
cut for hay, type and ecological quality of unimproved grazed land  
1. Organic nutrient (slurry, dirty water, FYM/waste silage) 
storage: storage conditions: proximity to watercourse or well, 
clean water control, evidence of seepage/spillage, type of slurry 
storage facility, slurry/dirty water storage capacity, type of FYM 
storage facility, FYM storage period, effective effluent collection 
1. Organic nutrient (slurry, dirty water, FYM/waste silage) 
storage: storage conditions: proximity to watercourse or well, 
clean water control, evidence of seepage/spillage, type of slurry 
storage facility, slurry/dirty water storage capacity, type of FYM 
storage facility, FYM storage period, effective effluent collection 
1. Farm tidiness: farm and farmyard tidiness:gates/fences in 
need of repair, unsightly material visible
2. Fodder (silage in pits, wrapped haylage/silage, hay/straw 
bales) storage: storage conditions: proximity to watercourse or 
well, clean water control, evidence of seepage/spillage, effective 
effluent collection; silage quantity
2. Fodder (silage in pits, wrapped haylage/silage, hay/straw 
bales) storage: storage conditions: proximity to watercourse or 
well, clean water control, evidence of seepage/spillage, effective 
effluent collection; silage quantity
2. Traditional farm buildings: % of traditional farm buildings by 
number
3. Volatilisation: slurry storage facilities, animal housing 
conditions/type and cleaning frequency
3. Volatilisation: slurry storage facilities, animal housing 
conditions/type and cleaning frequency
3. Field boundary: proportion of field boundaries that are a wire 
fence
4. Water source: local river, well, unmetered mains, metered 
mains, rainfall capture, recycling 
4. Water source: local river, well, unmetered mains, metered 
mains, rainfall capture, recycling 
5. Field boundary: average field size, proportion and ecological 
quality of field boundary types (% different categories)
1. Riparian margin: average width of margin between field 
boundary and natural watercourses/waterbodies
1. Natural habitat quality: proportion of non-agriculturally 
productive land area over total farm area, number of non-
agriculturally productive habitat types
1. Natural habitat quality: proportion of non-agriculturally 
productive  area over total farm area, number of non-agriculturally 
productive habitat types
2. Cultural features management: protection of cultural features 
from destructive activities
 Farm-level agri-environment data 
In the Sligo region, the mean (±s.e.) AFI score of the REPS farms (5.74± 0.20) was 
significantly (p= 0.012) higher than that of the non-REPS farms (5.00± 0.30) (Fig. 1a).  
 
In the Cork region, the mean AFI scores of the REPS farms (4.72± 0.12) was significantly (p= 
0.001) greater than the mean AFI score (3.78± 0.15) of the non-REPS farms (Fig. 1b). 
 
Note that all the farms in the Cork case study area scored substantially lower than the 
livestock farms in the Sligo case study area. This interpretation requires some care, due to 
the low sample sizes, and that two slightly different forms of the AFI were used in each case 
study region (weighting values and indicators differed). In addition, differences in AFI scores 
may reflect biased participation of farms that can more easily meet the required 
environmental standard (see below). 
 
 
a) drystock farming in Sligo
0
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6
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b) dairy farming in Cork
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Figure 1.  Mean (±s.e.) AFI scores for REPS and non-REPS farms in a) Sligo and b) Cork. To 
facilitate comparison, the different contribution of the natural resources, biodiversity and 
landscape components are presented. 
 
 
CONCLUSIONS 
The survey of EU schemes confirmed that many agri-environment schemes simultaneously 
address combinations of policy objectives across natural resources, biodiversity and 
landscape (and more specialised categorisation within these). It also found that impact 
models are not sufficiently rigorous in current AESs, thereby recognising a need for  
(a) improved definition of policy aims and specific objectives; 
(b) improved selection of the indicators to measure progress toward the policy aims, 
and;  
(c) improved design of schemes so that impact models are better developed (evidence-
based), clearly explained in scheme literature, and justification of selected 
indicators is provided (Primdahl et al., 2010). 
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The surveyed farms in the Irish case study showed a higher AFI score for farms participating 
in REPS when compared to non-REPS farms. Any extrapolation from the comparison 
between participating REPS farms and non-participating farms in this study should be 
treated with extreme caution, as the small sample number of farms is not representative of 
the national-scale REPS. Representative results could only be achieved by use of 
considerably larger sample sizes than was possible in this feasibility study. (For example, 
even a sub-sample of 0.5% of participant REPS farms would require surveying more than 
200 REPS farms, and there would also have to be a comparison with non-REPS farms.) In 
addition, the decision to enter REPS is likely to be dependent on the initial environmental 
and economic status of farms; thus, differences in AFI scores may reflect biased 
participation in the scheme of farms that can more easily meet the required environmental 
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standard. Comparison of AFI values over time would be required to definitely demonstrate 
that improved environmental performance on these farms was due to the scheme. Most 
importantly, the case studies show that it is possible to construct an AFI for the evaluation 
of the environmental performance of farms against the background of a broad, multi-
objective agri-environment scheme. This experience also suggests that in a proper 
assessment, it would be highly recommended to carry out a pilot study after developing the 
customised AFI structure. This would help to refine and improve the use of indicators and 
their scoring before investing in large-scale data collection. A comparison of the change in 
AFI score over time (before as well as after joining REPS) would be one of the best ways to 
measure the environmental effectiveness of the scheme. 
 
This work demonstrates the feasibility of constructing an Agri-environmental Footprint 
Index for the evaluation of a broad, agri-environment scheme with multiple environmental 
objectives. The weighting process also permits incorporation of differences in the relative 
importance of environmental objectives. The results of the AE-Footprint case studies (in 
Ireland and in Member States of the other project participants) showed that the AFI method 
can be successfully implemented. Data availability is a primary limitation in conducting 
agri-environmental evaluations. Currently, there are few national-scale monitoring exercises 
that address farm management practices that are appropriate for measurement of 
environmental impacts. Practical application of the AFI methodology will require such data. 
The cost of data collection is obviously an important consideration. However, such costs 
may be small relative to total scheme expenditure, and an economy of scale may be achieved 
by supplementing existing farm-scale data collection programs (e.g. the Farm Accountancy 
Data Network in the EU) with environmental indicators. Having a quantitative framework 
with which to analyse such data should provide a stronger justification for investment in 
data collection. In the Irish case studies, a considerable amount of information was 
available in official documents, but these required supplementing with farmer interview and 
farm survey. The greatest deficit of environmental information related to measures of habitat 
quality and biodiversity. 
 
While improved environmental assessment increases the ability to understand the 
environmental impacts of AESs, the cost/effectiveness of such evaluation systems for policy 
purposes also needs to be considered. This suggests a need for further research to explicitly 
develop performance indexes that can aggregate environmental effectiveness and 
expenditure information. 
 
In conclusion, the measurement of the delivery of public goods from agri-environmental 
policy is complex, which has likely contributed to a lack of investigation of effectiveness of 
agri-environmental schemes. The development of an accepted methodology for measuring 
the agri-environmental performance of farms that could be adapted for use across all 
European schemes may incentivise necessary investment in agri-environment monitoring 
programmes. The AFI methodology offers an opportunity to implement a quantitative 
assessment that should demonstrate the environmental effectiveness of some schemes, and 
point to priorities for improvement in others. In this way, agri-environmental policies can be 
valued by society and continue to improve their delivery of environmental goods and services 
that are an integral part of European landscapes. 
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